A few cases of rat-bite fever due to Streptobacillus moniliformis have been reported in laboratory workers. Since many laboratory rats carry the aetiological agent in the upper respiratory tract, the opportunity for human infections is high, and undiagnosed infections are probably commoner than is supposed. The symptoms and means of diagnosis of human cases are described, together with a brief account of the infection in laboratory animals. The human disease is also compared with rat-bite fever due to Spirillum minus, which on current evidence appears to be rarer than that due to Streptobacillus moniliformis.
INTRODUCTION
Rat-bite fever represents two diseases, one due to Spirillum minus and the other due to Streptobacillus monillformis.
The symptoms of both diseases are variable and do not form a basis for a reliable diagnosis.
In fact, diagnosis is based upon isolation of the aetiological agent, or with less assurance, upon a rise in agglutinins to Str. moniliformis.
Rat-bite fever due to Sp. minus was considered to be commoner than that due to Str. moniliformis.
How: ever, recent evidence suggests that rat-bite fever due to Str. moniliformis occurs more frequently than that due to Sp. minus (Dolman, Kerr, Chang & Shearer, 1951) and certainly the few cases reported in laboratory personnel have all been due to Str. moniliformis (Brown & Nunemaker, 1942; Hayes, Kidd & Cowan, 1950; Hamburger & Knowles, 1953; Holden & MacKay, 1964) . A case diagnosed by isolation of the causal organism from blood culture occurred 'in a worker at the National Institute for Medical Research, Milt Hill, in 1964 following a bite from a laboratory rat. The disease is probably commoner in laboratory personnel than would be inferred from the paucity of reports.
For this reason, a short account of rat-bite fever due to Str. monil([ormis might help to make laboratory personnel more aware of the disease.
RODENT INFECTION WITH Streptobacillus moniliformis
The disease amongst laboratory workers has followed bites from rats and undoubtedly the rat is the principal reservoir of infection. However, the fact that an outbreak of human infections with this organism at Haverhill, Mass., U.S.A., was attributed to the presence of Str. moniliformis in milk shows that infections are not neccessarily associated with rat bites (Place, Sutton & Willner, 1926; Place & Sutton, 1934) . A high proportion of laboratory rats carry Str. moniliformis in the respiratory tract as a harmless commensal (Strangeways, 1933) . At one time, the organism was thought to be associated with the chronic respiratory syndrome widespread amongst rats, but this disease is now considered due to dual infection with Mycoplasma pulmonis and an uncharacterised virus (Nelson, 1957) . Rats derived by Caesarian section and maintained in isolation are not infected with Str. moniliformis.
Natural infection of mice commonly causes chronic arthritis, although the organism can produce a rapidly lethal septicaemia, especially when introduced experimentally by the intraperitoneal route. Natural infection of pregnant mice often results in abortions (Sawicki, Bruce & Andrewes, 1962) . The agent also causes a natural infection of guineapigs in which chronic abscesses in cervical lymph nodes are the chief feature (Smith, 1941) . However, infection does not seem to persist in mouse and guinea-pig colonies rigidly separated from infected rats.
SOME CULTURAL CHARACTERISTICS OF Streptobacillus moniliformis
The organism can be relatively easily cultured aerobically or anaerobically from the respiratory tract of rats that carry it and from the organs and affected joints of mice, provided that the medium contains 15-20 per cent of serum (Holden & MacKay, 1964) . In the absence of serum it will not grow. After two days incubation in fluid medium characteristic fluffy 'cotton-ball' colonies of the organism appear. In stained preparations the organisms are pleomorphic and appear as Gram-negative, branching filamentous aggregates. Very small L-variants occur; these are reminiscent of Mycoplasma and many workers considered them to be symbionts, but this view is no longer tenable. In the presence of serum the organism ferments glucose, salicin, and sometimes maltose and lactose. Smooth subcultured laboratory strains yield growths that provide suitable antigen for the agglutination test.
ESSENTIALS OF THE HUMAN DISEASE
The human disease is defined by Wilson & Miles (1964) as follows: 'Ratbite fever due to Actinobacillus muris [i.e. Str. moniliformis] is an irregularly relapsing, febrile septicaemic disease characterised by metastatic arthritis and morbilliform and petechial cutaneous' eruptions.' The incubation period is less than ten days, and may be much less; in the case that occurred at Mill Hill it was forty hours. The wound usually heals quickly. The chief symptoms are prostration, severe muscular pains, headache, weakness and morbilliform eruption. Non-suppurative arthritis affecting one joint after another is characteristic.
Several writers (Brown & Nunemaker, 1942; McGill, Martin & Edmunds, 1966) state that some permanent limitation of movement may occur in affected joints.
Leucocytosis with a high proportion of neutrophils is another feature.
Mter a few days the fever subsides and this is followed by febrile episodes at irregular intervals for weeks or months.
The mortality in untreated cases may be around 10 per cent. In two recent cases in Britain, biochemical evidence of liver dysfunction was observed (McGill et al., 1966) . Although the disease is checked by penicillin therapy, penicilIin usualIy fails to effect a complete cure (Holden & MacKay, 1964) . However, combined antibiotic therapy seems to be successful; two cases treated with penicillin and streptomycin (McGill et al., 1966) and one case treated with tetracycline followed by penicillin were cured (Holden & MacKay, 1964) . The case at Mill Hill was also cured by streptomycin-penicillin therapy, although a relapse may have occurred six to eight months after apparent recovery.
Diagnosis is established by culture of the causative agent from the patient's blood on serum-containing media, as described.
A presumptive diagnosis can be made by rise of agglutinins for suspensions of the organism during the course of the disease (Brown & Nunemaker, 1942) . However, when the course of the disease is interrupted by prompt antibiotic therapy, agglutinins may not appear (Holden & MacKay, 1964) .
RELATIONSHIP TO RAT-BITE FEVER DUE TO Spirillum minus
Typically, the symptoms presented in the disease due to Spirillum minus may help to distinguish it. The incubation period is one to three weeks or more, the wound generally becomes inflamed when the temperature rises, the febrile episodes last a few days and recur rather regularly after an intermission of a few days. However, observation of human cases produced by inoculation of Sp. minus (in attempts to treat general paresis) has shown that arthritis may occur and it may be impossible to distinguish the symptoms from those of rat-bite fever due to Streptobacillus moniliformis.
Diagnosis is made by the parenteral inoculation of mice and guinea-pigs with blood, or with serum expressed from the local lesion. A search is then made from the fifth to the thirtieth day for spirilla in the blood and peritoneal washings of the inoculated animals, using dark-ground illumination.
More recent evidence, as already noted, suggests that rat-bite fever due to Spirillum minus may be much rarer than that due to Streptobacillus moniliformis (Dolman et al., 1951; Holden & MacKay, 1964) . It has been suggested that failures to isolate Str. monilformis before its growth requirements were understood, together with the unreliability of diagnoses based upon the presence of spirilla-like forms in smears made with material from wounds, may have generated the traditional belief that rat-bite fever due to Sp. minus is the more common form. In this respect it is perhaps significant that all the known cases of rat-bite fever in laboratory workers are due to Str. moniliformis.
